Five different isolates of Aspergillus and one of Mucor were compared with a Japanese commercial strain of Aspergillus oryzae for proteolytic activity on wheat bran substrate. One isolate of Aspergillus with superior protease production, identified as Aspergillus flavus var. columnaris, showed no detectable aflatoxin production on glutinous rice or soybean substrate. Preliminary tests using this fungus as a koji mold in a traditionally operated factory resulted in a soy sauce superior in quality to that usually produced.
Soy sauce fermentation in Thailand is usually carried out by small producers following traditional methods handed down through the generations. The process is of the Chinese rather than the Japanese type (3) and, briefly, it consists of the following steps. Whole soybeans are soaked for various periods (usually overnight) before being cooked (3 to 6 h) in boiling water or with steam. They are then drained and cooled before being mixed with a quantity of wheat or rice flour (Fig. 1) . Amounts vary and, in some cases, additions are made until the mixture "looks right." However, the total weight added varies roughly from 15 to 50% of the dry weight of the soybeans used. In some establishments, the flour is roasted before being added. The bean and flour mixture is next placed in woven bamboo trays which are incubated in racks ( Fig. 2 ) for 4 to 7 days (koji stage). Fungi inoculated from the air and from the bamboo trays (these are not sterilized between batches) overgrow the mixture, which is eventually dumped into large earthenware jars ( sun, but some hasty processers use incubations of only 2 weeks. The original brine is drained off and constitutes the first grade of soy sauce. More brine may then be added, and further incubation for 1 or 2 months may follow to yield lowergrade sauces. In other cases, the solid bean sediment is separately bottled and sold as another type of condiment (called tau jeow). The total process is summarized in Fig. 4 and is characterized by no control over the inoculum or the culture conditions. As a result, the quality of the product is variable, and some batches are decidedly inferior. This contrasts markedly with Japanese manufacturers who control the inoculum, the culture conditions, and the ageing conditions.
The microbiology of soy sauce fermentation has been studied in some detail (12), and one of the most important features of the koji step is the growth of Aspergillus strains with high protease activity. In this regard, interviews with several Thai factory owners revealed that the green kojis common during cool weather were preferable to the black or grey kojis common during hot weather. Our examinations of grey kojis showed that they contained a predominance of zygomycetous fructifications (e.g., Rhizopus spp., Mucor spp., Absidia spp., and a Syncephalastrum sp.), whereas the green ones showed a predominance of Aspergillus conidiophores. The work in this study was therefore directed predominantly towards Aspergillus strains, although a representative of Rhizopus was included for comparative purposes.
With the aim of eventually improving the reliability and constancy of local soy sauce manufacture by the introduction of controlled koji inoculum, we have isolated several molds from local factories and analyzed them for suitability as koji fungi. Our criteria for selection were high protease activity, no toxin production, and a good taste and aroma of the final product. This report describes these analyses, which culminated in the recommendation of one of the molds for factory use. Koji stage of soy sauce fermentation consisting of uncleaned, unsterilized bamboo trays to which the soybean flour mixture illustrated in Fig. 1 was transferred. The koji was not purposely inoculated with microorganisms but must have become randomly inoculated by spores on the trays, in the air, and in the uncooked flour. These trays were incubated in the open with no temperature or humidity control. and processed the following day. One gram of each sample was thoroughly mixed with 4.0 ml of sterilized 0.05 M phosphate buffer (pH 7.0), after which the supematant suspension was serially diluted in the same buffer. Then, 0.1 ml of each dilution was plated on Sabouraud dextrose agar (Difco Laboratories), and the plates were incubated at 30°C for 2 days. Predominant mold colonies were transferred by streaking spores on new plates, from which stock cultures were in turn obtained. Six of these were selected for detailed analysis, and they were designated 2a, 4a, 5a, 7a, 8a (Aspergillus spp.), and lc (Mucor sp.). One Japanese commercial strain of Aspergillus oryzae (designated 9a) was used for comparative purposes.
MATERIALS AND METHODS
Evaluation of protease production. One substrate used to assess protease production by stock cultures consisted of 5 g of wheat bran with 5 ml of 0.5% NaCl solution mixed and autoclaved in 500-ml Erlenmeyer flasks. After cooling to room temperature, the flasks were inoculated with 5.0 ml of spore suspensions (107 spores per ml), which had been prepared as follows. Fungus cultures were grown on 50 ml of Sabouraud dextrose agar in 250-ml Erlenmeyer flasks at 30°C for 7 (ii) Duplicate 100-ml samples of soy sauce were thrice extracted for 30 min with 250 ml of chloroform on a wrist action shaker. The pooled extracts (750 ml each sample) were then filtered through anhydrous sodium sulfate to remove water. The 7 days before being transported to a factory for incubation in salt brine, parallel to regular factory koji. The object of this experiment was not to work under sterile conditions, but rather to follow a procedure similar to that in the factory except for the care taken to inoculate the koji with spores from a specific mold.
Miscellaneous analytical methods. Protein was routinely determined by the method of Lowry et al. (7) with tyrosine as the standard. Soluble nitrogen was determined by the method of the Association of Official Analytical Chemists (5), and reducing sugar was determined by the method of Somoggi (10) . Gustatory and olfactory judgments were made by the soy sauce factory owners.
RESULTS
The proteolytic activities of wheat bran culture extracts for six Thai isolates of koji fungi are shown in Table 1 , along with the activity of a commercial strain of A. oryzae (9a) from Japan. Strain 4a gave the highest sustained activity over the 4-day test period. Similar tests on soybean substrate with fewer isolates also ranked 4a highest in activity ( Table 2) . As a consequence, 4a was tested for toxicity as a prelude to its use as inoculum in factory-produced koji.
Glutinous rice cultures of strain 4a yielded an average of 0.67 g of residue from crude toxin extracts. However, no aflatoxins were detectable in the residue, and toxicity tests with rats were negative ( (Fig. 5) .
The isolate was identified as Aspergillus flavus var. columnaris Raper and Fennel (8) , and this identification was kindly confirmed by K. B. Raper.
Results of tests made on koji and soy sauce from a regular factory run and from one using strain 4a as inoculum are shown in Fig. 6 and Table 3 . Figure 6 shows the protease activity of two regular factory runs and a third one using strain 4a as inoculum. The activity with 4a was approximately 4 times higher from days 2 to 5. Analysis of the soy sauce product of these kojis after 45 days' incubation in salt brine is shown in Table 3 . Several features are apparent. Levels of the tyrosine equivalents, sugar, and soluble nitrogen were all higher in the soy sauce produced from 4a-inoculated koji; the soluble nitrogen, in particular, was much higher.
In the opinion of the factory owners, the organoleptic qualities of the soy sauce resulting from the semicontrolled koji using strain 4a as inoculum made it superior to that resulting from the regular factory koji.
DISCUSSION
Because of its superior protease production and flavor-inducing qualities, we recommend strain 4a for use as a koji mold in Thailand. The fact that it is a locally occurring fungus may lend it some ecological advantage over imported koji molds, and this could be particularly important in factories where the control over koji culture is limited. To our knowledge, this is the first report of the use of a variety of A. flavus as a koji mold in the soy sauce industry. This may cause some concern to those who are worried about the danger of aflatoxin production, but we feel there are several reasons to allay any fears and justify its use. First (6) , it appears that good results can be obtained by using only mold inoculum (12). For this reason, it may be more profitable to concentrate on the yeasts and bacteria in the mash, or moromi, stage.
Because the amylase production by strain 4a is relatively low, work is currently under way to select a high-amylase mutant by ultraviolet mutagenesis. Such a mutant will then be tested as a co-inoculant with wild-type 4a.
ACKNOWLEDGEMENT We acknowledge the excellent technical assistance of Watanalai Panbangred and Attawut Impolsap.
This work was supported by a research grant from the Association of South East Asian Nations-Australian Economic Cooperation Programme Protein Project.
